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Abstract 
After a decade of transformations experienced by Romania on its way to the market economy, the sustained 
economic growth in the period 2000-2008 marked a positive change of path. Structural changes of the production 
system were expected under the impact of tehnological upgrading and of the integration to the European Union. The 
paper is focusing on the analysis of inter-industrial linkages, as well as on the evaluation of direct and indirect 
technological requirements, by using the Input-Output model. Since the automotive industry had a very good 
dynamic in the last years, its position in the system is of great interest. The research reveals its linkage intensities 
during the growth period and under the shock of the crisis. The results show that this export oriented industry has 
reduced its upstream linkages and increased its downstream linkages, while becoming more dependent on the 
international flows. 
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1.Introduction 
The analysis of structural changes represents a useful procedure for observing the transformation of a national 
economy while production is adapting to the demand dynamics and to technological changes.  
One of the best methods to estimate the interdependence between activities and the cumulated (direct and indirect) 
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effect of final demand components on the productive system is to use the Input-Output (I-O) model proposed by 
W.W. Leontief. The most complete representation of I-O model results was achieved by Leontief (1951) in his 
research work “Studies in the structure of US Economy”, where he aimed at constructing the Tableau économique 
of the United States. That scheme became the prototype of the current I-O model. According to his own statement, 
Leontief (1966) tried to apply the neoclassical theory of general equilibrium presented by L. Walras at the realities 
of economic life. Currently, this method is spread and applied for analysis, planning and anticipation of trends at 
national and regional level.  
In Romania there is constant concern for evaluating structural changes of the economy and for estimating the 
competitiveness of different sectors. Scutaru and Florescu (2005) analyzed the global competitiveness of branches in 
Romania when the intensity at export doubled in the period 1989-2002 and observed that, the more export shares 
increased, the branches contribution to resource formation decreased. Olteanu (2006) identified in Romania in 2003 
a symmetrical distribution, on the technological scale, of linkage intensities in the upstream and downstream of 
manufacturing branches. This intensity was reduced in the area of low technologies, increased for the medium 
technologies, and decreased again in the case of high technologies. According to Zaman et al. (2010) the 
interdependencies level of the economy increased in 2006 compared to 2000, during the economic growth period, 
while more than a half of the branches have offered higher inputs to the other branches. Dobrescu et al. (2010) 
evaluated the impact of investments in economy during the crisis period by using the I-O model, noting that a 
decline by only 0.32% of gross fixed capital formation (GFKf) in 2010 was sufficient for any aggregated sectors to 
hinder the recovery and the process of economic growth. 
The current paper aims at evaluating some aspects of structural changes in the Romanian economy in the period 
2001-2010, by highlighting the driving effects produced by the industries of equipment, automotive and transport 
machines. The analysis refers especially to the automotive industry, which became an engine for economic recovery 
in the last years.  
2.Methodology 
For achieving the proposed objectives, we utilized the I-O model, by aggregating the branches of Romanian 
economy. The productive system has been reduced to ten main branches (R.1.-R.10.): 
 R.1. Agriculture, forestry, hunting and fishing 
R.2. Mining and quarrying 
R.3. Electricity, gas and steam production, distribution and treatment/decontamination 
R.4. Food industry, alcohol and tobacco 
R.5. Textiles, leather industry, production of cellulose and paper, furniture industry 
R.6. Industries of equipment, automotive and transport machines, other metal products 
R.7. Other manufacturing industries 
R.8. Constructions 
R.9. Transportation, post and telecommunications  
R.10. Trade, commercial and public services. 
In table 1 is given the simplified Input-Output model of production and distribution of goods and services of a 
national economy. 
 
 
 
 
 
209 Anca Dachin and Felix-Constantin Burcea /  Procedia Economics and Finance  10 ( 2014 )  207 – 216 
Table 1: Simplified Input-Output table 
       
Sector (Branch) 
Agriculture Manu 
facturing  
Services Total Intermediary 
Consumption 
Final 
Consumption  
Capital 
Formation  
Exports Output 
Agriculture X11 X12 X13 Y1 Y11 Y12 Y13 X1 
Manufacturing X21 X22 X23 Y2 Y21 Y22 Y23 X2 
Services X31 X32 X33 Y3 Y31 Y32 Y33 X3 
Gross value added  Z1 Z2 Z3      
Output X1 X2 X3      
 
For determining the propagated effects of final demand we built the technological coefficient matrix (Leontief 
matrix). The estimation of propagated effects is made through the inverse matrix resulted from solving the system of 
linkages between branches (based on the matrix of technological coefficients).  
The basic equation of the system which needs to be solved, written under matrix form, is given by the following 
formula: 
AX + Y = X         (1) 
where:  
A = matrix of technological coefficients aij  
            X = column vector of branches, total production 
         Y = final demand vector. 
In the case of aij coefficients, i is the supplying branch and j is the beneficiary branch. Using formula (1) we have 
the relations:  
 X − AX = Y      X(I − A) = Y                 (2) 
where I is the unit matrix. The production vector can be estimated through the multiplier of Y according to the 
formula: 
 YAIX *)( 1          (3) 
Where 1)(  AI  is the inverse matrix of (I – A) matrix. The condition that the system can be solved, and therefore 
the multiplier to have real values, is that its determinant should be different from 0.   
Utilizing the data from the Input-Output tables published by the National Institute of Statistics for the period 2001-
2010 for the 89 branches of the national economy, according to Statistical classification of economic activities in the 
European Community, adopted  in 2006 (NACE Rev.2), we estimated the aij coefficients for the period 2001-2010, 
we solved the equation system and we calculated the multiplier values for the total final demand.  
For evaluating the propagated effects of automotive industry on the aggregate economic system we used the 
upstream and downstream inter-industry linkages method that was for the first time documented by Rasmussen 
(1957). Indices are calculated with the below formulas:  
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Index of upstream intensity linkage (Uj) has the following expression:  
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where bij are the elements of the inverse matrix B (unitary total consumptions), and n is the number of economic 
branches taken into consideration.  
- The numerator of the expression shows the output increase, in average, of an i branch, corresponding to an 
increase by one unit of the final demand of j branch;  
- The denominator expresses the general average of this increase for all i and j branches.  
If Uj > 1, the increase by one unit of final demand of j branch implies an increase above the average of an i branch 
from upstream. 
Index of downstream intensity linkage (Ui) is calculated as per the below formula: 
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where bij and n are identical with the ones from the previous expression. 
The denominator reveals the increase of the i branch output, corresponding to an increase by one unit of the final 
demand, in average, of a j branch. The denominator expresses the mean of this increase for all the i and j branches. 
If Ui > 1, then we can affirm that an increase by one unit of the final demand, in average, of a j branch from the 
economy implies an increase above the average of i branch output.  
 
3. Changes of the technological requirements in the Romanian economy with ten aggregate branches 
The I-O analysis allows highlighting the internal transactions of the economic system. For catching the main 
structural changes in the Romania economy in the period 2001-2010, we will present four key moments: 
- 2001- after a long transition from the centralized economy to a market economy, this year distinguishes by an 
economic growth above the average of previous years and marks the beginning of a sustained economic 
growth trend until 2008. Further, from a statistic methodological point of view, starting with 2001 Romania 
started to calculate the detailed data of the I-O tables utilizing the Classification of activities in the national 
economy, revised in 2008 (CANE Rev.2) according to European System of Accounts 1995 (SEC 95);  
- 2007 was the year of Romania’s adhesion to the European Union; 
- 2008 was the last year of economic growth from the analyzed period;  
- 2009 and 2010 are the first years of crisis for which we have available data in the I-O tables, elaborated in 
average with 3-5 years of delay due to the complex process of data synthesizing and processing.  
Table 2 presents the flows of intermediate consumption (I.C.) between the ten considered aggregated sectors, as well 
as the gross value added (GVA) and the total output. 
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      Table 2: Input-Output table with ten aggregate branches of the Romanian economy, 2001 
                          Millions Lei  
 R1 R2 R3 R4 R5 R6 R7 R8 R9 R10  Total 
I.C. 
R1 6,021 5 2 3,521 480 1 13 4 7       357    10,411 
R2 0 910 3,702 15 4 89 3,832 78 4 782 9,415 
R3 230 374 2,987 725 387 475 1,734 245 551 1,180 8,887 
R4 523 5 40 5,659 126 32 171 73 83 3,882 10,595 
R5 324 40 53 584 2,781 171 463 400 191 2,937 7,944 
R6 190 242 214 135 182 1,465 672 403 792 831 5,126 
R7 1,576 436 322 875 1,032 2,155 6,065 2,031 1,612 4,541 20,645 
R8 27 11 28 22 16 14 25 1,492 108 522 2,266 
R9 102 71 92 315 233 238 462 120 2,040 1,401 5,073 
R10 459 187 551      564 587 604 1,009 1,227 1,443 5,580 12,209 
Total I.C. 9,452 2,280 7,991 12,415 5,826 5,245 14,445 6,073 6,830 22,012 92,569 
GVA 11,248 1,707 2,404 5,904 4,123 2,826 4,892 4,628 7,649 31,618 76,999 
Output 20,699 3,988 10,395 18,319 9,949 8,070 19,337 10,701 14,479 53,631 169,568 
Source: Own calculations based on the data from National Institute of Statistics (NIS), TEMPO-online, according to CANE Rev.2  
The next step is the calculation of matrix A, which contains the technological coefficients aij (Table 3). These 
coefficients express the production dimension from the i sector necessary to obtain a product unit in j sector and are 
implicit coefficients of direct requirements. 
      Table 3: Matrix of technological coefficients aij for ten aggregate branches, 2001  
 R1 R2 R3 R4 R5 R6 R7 R8 R9 R10  
R1 0.291 0.001 0.000 0.192 0.048 0.000 0.001 0.000 0.000 0.007 
R2 0.000 0.228 0.356 0.001 0.000 0.011 0.198 0.007 0.000 0.015 
R3 0.011 0.094 0.287 0.040 0.039 0.059 0.090 0.023 0.038 0.022 
R4 0.025 0.001 0.004 0.309 0.013 0.004 0.009 0.007 0.006 0.072 
R5 0.016 0.010 0.005 0.032 0.279 0.021 0.024 0.037 0.013 0.055 
R6 0.009 0.061 0.021 0.007 0.018 0.182 0.035 0.038 0.055 0.015 
R7 0.076 0.109 0.031 0.048 0.104 0.267 0.314 0.190 0.111 0.085 
R8 0.001 0.003 0.003 0.001 0.002 0.002 0.001 0.139 0.007 0.010 
R9 0.005 0.018 0.009 0.017 0.023 0.029 0.024 0.011 0.141 0.026 
R10 0.022 0.047 0.053 0.031 0.059 0.075 0.052 0.115 0.100 0.104 
Source: Own calculation based on  NIS data 
In table 3 the sum of technological coefficients by line or by column is lower than 1, which validates the results. The 
only exception is R.7 - Other manufacturing industries – which reveals that the necessary inputs of all sectors 
exceed the total capacity of production in the economy, therefore rises the necessity of import goods for production. 
In each activity there is a relatively stable relation between the inputs obtained from other sectors and own 
contribution to the total production. However the gradual integration of the national economy in the global 
economy, as well as the manifestation of the economic crisis may have other effects on the economic structures due 
to: a) changes in import-export flows and b) changes of economies of scale induced by internal demand variation.  
Since this paper is focusing on the analysis of equipment, automotive and transport machines industry (position 
R.6.), table 4 presents the technological coefficients (coefficients of direct requirements) of the ten aggregated 
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branches and R6 in the selected years. After the sustained economic growth period, we can notice a relative stability 
of technological structures even at larger flows supporting higher levels of the  gross domestic product. 
There is also a slight increase of coefficients in the case of all relations, less the relation between R6 and R10 - 
Trade, commercial and public services. In 2010 the coefficients decreased reaching the 2001 level or being below it. 
We can remark the fact that, on the background of reduced production, some coefficients had higher values in 2008, 
respectively the direct requirements of R7, R8 and R9 for R6 had a good pace, due to a certain resistance of these 
branches against the crisis. 
 
              Table 4: Direct requirements (technological coefficients) of the ten branches for inputs from R6 
 R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 
R6 in 2001 0.009 0.061 0.021 0.007 0.018 0.182 0.035 0.038 0.055 0.015 
R6 in 2008 0.021 0.084 0.025 0.012 0.032 0.192 0.052 0.039 0.049 0.023 
R6 in 2010 0.008 0.052 0.050 0.006 0.029 0.174 0.074 0.078 0.109 0.016 
              Source: Own calculation based on  NIS data 
Next we calculated the inverse matrix  B = 1)(  AI  for determining the inverse coefficients or the multipliers that 
are used for estimating the propagated effects resulting from the changes occurred in the final demand and 
utilization of manufacturing technologies (table 5). All the elements of the inverse matrix are positive, which means 
that for all series given by final deliveries y1, y2, ..yn  exists a combination of total positive productions x1, x2, ..xn . 
      Table 5:  Inverse matrix B of technological coefficients of the economic system with ten branches, 2001 
 R1 R2 R3 R4 R5 R6 R7 R8 R9 R10  
R1 1.432 0.015 0.017 0.409 0.113 0.020 0.023 0.023 0.017 0.054 
R2 0.092 1.513 0.804 0.134 0.160 0.290 0.579 0.202 0.150 0.132 
R3 0.075 0.267 1.569 0.151 0.157 0.239 0.315 0.148 0.142 0.105 
R4 0.064 0.026 0.035 1.480 0.052 0.040 0.046 0.045 0.036 0.131 
R5 0.050 0.052 0.052 0.096 1.421 0.083 0.087 0.103 0.055 0.110 
R6 0.039 0.142 0.121 0.049 0.070 1.287 0.133 0.102 0.113 0.053 
R7 0.218 0.348 0.291 0.233 0.321 0.614 1.670 0.457 0.306 0.235 
R8 0.004 0.009 0.011 0.006 0.007 0.008 0.009 1.167 0.014 0.015 
R9 0.023 0.055 0.053 0.050 0.061 0.079 0.075 0.048 1.189 0.054 
R10 0.069 0.139 0.174 0.107 0.148 0.190 0.175 0.218 0.183 1.168 
Source: Own calculation based on  NIS data 
Table 5 represents the matrix of total spending coefficients (direct and indirect). The j industry ensures 
supplementary entries in all other sectors, that in turn, directly or indirectly, needs to contribute to the increase of yj 
delivery made by sector j to the final beneficiaries. 
The analysis of R6 position shows that the highest coefficient value appears in the relation of R6 with itself, because 
the coefficient includes both direct and indirect requirements. For the cases i different from j, the biggest 
coefficients have been in relation with R2. Therefore, the coefficient shows that 0.142 product units from the sector 
of extractive industry (R2) were necessary for a unit from the final production of the equipment, automotive and 
transportation machines sector (R6). Other coefficients of similar values have been noticed in the linkage with Other 
manufacturing industries (R7) and Production and distribution of energy (R3).  
In 2010 the matrix of indirect requirements (table 6) shows the same closer links between R6, on one side, and R7, 
R8 and R9 compared to 2001. 
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      Table 6: Inverse matrix B of technological coefficients of the economic system with ten branches, 2010 
 R1 R2 R3 R4 R5 R6 R7 R8 R9 R10  
R1 1.455 0.018 0.020 0.629 0.093 0.018 0.024 0.021 0.016 0.043 
R2 0.059 1.346 0.441 0.046 0.080 0.109 0.274 0.135 0.077 0.062 
R3 0.070 0.202 1.364 0.069 0.139 0.148 0.202 0.178 0.096 0.102 
R4 0.048 0.029 0.031 1.198 0.040 0.026 0.034 0.029 0.025 0.072 
R5 0.028 0.044 0.052 0.024 1.323 0.069 0.090 0.081 0.043 0.064 
R6 0.057 0.149 0.176 0.049 0.106 1.290 0.202 0.194 0.198 0.076 
R7 0.280 0.284 0.366 0.190 0.295 0.500 1.635 0.552 0.372 0.239 
R8 0.034 0.086 0.161 0.038 0.072 0.065 0.096 1.172 0.097 0.095 
R9 0.023 0.096 0.076 0.023 0.050 0.051 0.070 0.057 1.059 0.060 
R10 0.101 0.258 0.278 0.097 0.234 0.200 0.241 0.203 0.213 1.295 
Source: Own calculation based on  NIS data 
 
4. Direct and propagated effects of the automotive industry 
One of the most dynamic branches of the Romanian economy in the recent period is the automotive industry. 
Starting with 2006 this industry experienced a superior increase compared to the average of manufacturing industry 
(Fig. 1). 
 
Fig.1. Industrial production indices in the automotive industry compared to manufacturing industry, 2006-2010, 2005=100% 
Source: Romanian Statistical Yearbook 2009 and 2011 
According to the Management Authority for the Sectoral Operational Program (MA SOP) “Increase of Economic 
Competitiveness” (2011), in Romania have been identified 35 industrial clusters, of which 16 represent potential 
poles of competitiveness for the Romanian economy. Among the competitiveness poles we can remark two clusters 
from the automotive industry that propagate vertical and horizontal positive effects on the economic system and can 
become pillars for a future sustainable economic growth. We talk about Dacia Renault Cluster Pole and Automotive 
South-West Oltenia Pole (Ford). The activity with the highest positive influence on the industrial production is 
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“Automotive manufacturing” mainly due to the success of the local constructor Dacia on the external market, but 
also on the domestic market.  
For analyzing the propagated effects of the automotive industry upstream and downstream we utilized the Input-
Output analysis, which allows to identify the inter-linked sectors and to calculate the linkage intensities upstream 
and downstream proposed by Rasmussen (1957). 
The processed data reveal the fact that the automotive industry is by excellence a branch with final destinations (Fig. 
2.) 
 
  
  
Fig. 2: Production destinations of the automotive industry (2001, 2007, 2008, 2010) 
Source: Own calculations utilizing INS data, Tempo-Online 
The share of automotive production in the intermediary consumption maintained constantly the level of 7-9%, while 
in 2009 and 2010 it increased significantly to 15%, respectively 27%. This growth can be explained as follows: 
- Some sectors used the output of automotive industry for other purposes than their principal business scope. 
Such branches are Manufacturing electrical components and computers, Repairing and installation of 
machines and equipment, Constructions, Real estate transactions, Activities of central administrative bureau’s 
and Other Services. During the crisis the inputs for the support activities did not decline by the same rate as 
inputs for principal activities. 
- Other sectors developed during this period and used the output of automotive industry with the purpose of 
generating profit: Activities of rental and leasing, Investigation and protection activities, Landscape and 
building services, Publicity and market studies, Transportation, Supply of thermic and electric power. 
Considering the relative importance of this industry in the final utilization, we can notice the following: 
- The main final destination is investments. The share of the automotive production in the total gross fix capital 
formation (GFKf) oscillated between 53%-57% in the period 2001-2004 and 44%-55% in the period 2005-
2001 % Total
9%
25%
54%
12% 0%
Intermediate Consumption
Total Final Consumption
Gross Fixed Capital
Formation
Exports
Changes in Inventories
2007 % Total
9%
28%
48%
15%
0%
Intermediate Consumption
Total Final Consumption
Gross Fixed Capital
Formation
Exports
Changes in Inventories
2009 % Total
15%
22%
22%
-2%
42%
Intermediate Consumption
Total Final Consumption
Gross Fixed Capital
Formation
Exports
Changes in Inventories
2010 % Total
27%
18%
18%
36%
1%
Intermediate Consumption
Total Final Consumption
Gross Fixed Capital
Formation
Exports
Changes in Inventories
215 Anca Dachin and Felix-Constantin Burcea /  Procedia Economics and Finance  10 ( 2014 )  207 – 216 
2008. In 2009 and 2010 there was a significant drop to around 42% and respectively 18%. These significant 
deviations from a period to another indicate important variations of the aggregate demand.  
- The second important final destination is the final consumption. The share of the automotive industry in the 
final consumption varied between 21% and 28%, with oscillations during the analyzed period under the 
influence of the governmental program of auto park renewal. In 2010 the share declined below 18% under the 
impact of the internal demand sharp decrease.  
- During the economic crisis the automotive industry has increased its contribution to exports, being a source of 
compensation of the factors that generated the production decline.  
The upstream driving effect is reflected in the relations with the industries that supply products to the branch in 
focus. In this case, the most important relations are with industries having the highest shares in the intermediate 
consumption of the automotive industry (average share in % during the period 2001-2010): 
- Metallurgical industry: 18% 
- Manufacture of chemicals and chemical products: 9% 
- Electricity, gas and steam production and supply: 7% 
- Textile industry, electrical machines, manufacture of metal products, computer industry, each of them having 
an average contribution of around 5% during the analyzed period.  
Many other sectors have been entrained in upstream by the automotive industry, approximate two thirds from the 
total analyzed branches supplying a certain quantity of products.  
A considerable part of the total automotive production is utilized in the national production system by other 
branches. Therefore, we can point out the following main destinations in terms of share of the automotive branch in 
the inputs of downstream branches (average share in % during the period 2001-2010): 
- Automotive industry: 30% 
- Transportation: 13% 
- Agriculture: 5% 
- Health: 3% 
- Food industry: 3% 
- Other manufacturing industries: 25% 
In compliance with the presented methodology, we will further analyze the influence of the automotive branch both 
upstream and downstream by using the linkage intensity indices for the years 2001, 2007, 2008 and 2010.  
Based on the Input-Output matrix (according to NACE Rev.2), the inverse matrix B = 1)(  AI was determined in 
order to calculate the inverse coefficients or the multipliers. They are used for estimating the propagated effects in 
the economy related to the changes occurred in the final demand and in the utilization of manufacturing 
technologies (bij). We used data for the national economic system with 89 branches.  
Applying the formulas (4) and (5) from the methodology presentation, we obtained the linkage intensities (table 7). 
In 2001, the automotive industry had an upstream propagated intensity higher than one, which means that an 
increase by one unit of the automotive industry final demand implies a proportionally higher increase of upstream 
industries. In 2007-2008 the indices have been also higher than one, but slightly decreasing, therefore the upstream 
impact declined. 
In the period 2001-2008, the automotive industry had as final predominant destination investments and exports and, 
as a consequence, the downstream propagated intensity had sub-unitary values.  
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      Table 7. Upstream and downstream intensity indices for the automotive industry  
Year Upstream linkage intensity  Downstream linkage 
intensity 
2001 1.305 0.600 
2007 1.022 0.779 
2008 1.026 0.791 
2010 0.964 1.192 
       Source: Own calculation 
In 2010, with a background of lower investments but a significant increase of exports for automotive products, the 
downstream linkage intensity became supra-unitary, while the upstream intensity became sub-unitary. 
 
5. Conclusion 
The sustained economic growth followed by the abrupt decline of the national production during the first years of 
the economic crisis marked the inter-industrial linkages. The Input-Output analysis in selected years of the 2001-
2010 period allowed the representation of the direct and indirect requirements of the branches.  
The main findings of the research are the following: 
- During the economic growth period there was a relative stable tehnological relation between the aggregate branch 
“Industries of equipment, automotive and transport machines” and all other aggregate branches of the national 
economy. The slightly higher values of the corresponding technological coefficients in 2008 show that the 
favourable conditions of the GDP increase determined stronger linkages based on inputs provided by R6; 
- During the crisis (2009-2010) data suggest that the technological flows linking R6 to R7, R8 and R9 did not 
decrease by the same rate as others, so this technological dependence played the role of an automatic stabilizer; 
- The automotive industry is an important component of R6. Its main final destination is the investment, but it is also 
important for the final consumption. This industry became strongly export oriented and its production growth 
surpassed the average growth of the  manufacturing industry; 
-  During the period 2001-2010 the upstream linkages of the automotive industry became weaker, while the 
downstream linkages became stronger. 
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